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S1. Effects of the number of layers and adsorption-induced surface relaxation
The energies for four kinds of adsorbates were computed by using different slab models, frozen two-layered slab (a), frozen three-layered slab (b), and a thawed layer over frozen two-layered slab model (c). Table S1 shows the relative electronic energies to the total energy of CO(g), O 2 (g), and the "clean" slab. The effect of introduction of the third layer is small. The adsorption-induced surface relaxation was observed in our calculation around O atom adsorbed in the fcc hollow site, however, the relaxation of the first layer does not affect largely on energy except CO 2 (g)+O (MIN0). Such stabilization of CO 2 (g)+O (product) structures does not affect our kinetic analysis, so that we adopted the frozen two-layered slab model in this study. Table S1 . Electronic energies of the most stable structure of each adsorption state, CO+O 2 (MIN114), CO+2O (MIN83), OC-OO (MIN131), and CO 2 (g)+O (MIN0), relative to that of CO(g)+O 2 (g). (a) frozen two-layered slab model, (b) frozen three-layered slab model, (c) a thawed layer over frozen two-layered slab model.
S2. Adsorption energies and adsorption sites of CO, O 2 , and O atom on the

Pt(111) surface
The adsorption free energy (∆G ads ) was calculated as the difference between the Gibbs energy of the molecule adsorbed on the Pt slab (G mol+slab ) and the sum of the Gibbs energies of the molecule in the gas phase (G mol ) and the "clean" slab (G slab ):
The Pt slab was kept frozen throughout this study, then G slab is identical to the potential Table S2 . It is known that O 2 molecule on the Pt(111) easily dissociate in the low coverage range (< 0.5 ML) even at low temperature, 6,7,10-13 so that we added the adsorption heat for O 2 molecular adsorption, which was determined in the high coverage limit at 100K, 10 in Table S2 . added to the experimentally measured differential heat of adsorption from thermal desorption spectra (TDS).
